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Red Blood CeI Is 
The mammalian red blood cell (R.B.C.) affords 
a simple, experimentally accessible and useful membrane 
system for the study of many processes involving 
biological membranes. Advances in the understanding of 
structure and specific functions of R.B.C. membrane 
such as transport, 1ipid-protein interaction, surface 
antigenicity, membrane fusion and aging have helped in 
providing the excellent know- how of diagnostic and 
therapeutic importance. 
The R.B.C. originates from the bone marrow, 
as nucleated precursor that looses all organelles and 
several cytoplasmic proteins during maturation through 
an intricate process of differentiation. In the absence 
of these, the mammalian R.B.C. relies mainly on plasma 
membrane for its shape (Lux, 1979). Normal human 
R.B.C.s have a typical biconcave disc conformation 
termed as discocyte. The mechanism of resilience of 
R.B.C. depends on the mechanical properties of its 
plasma membrane, which behaves like an elastic semi-
solid (Kirkpatrick, 1976). During its circulation the 
human R.B.C. acquires an ellipsoidal morphology owing 
to the force of blood flow (Weed, 1973). The R.B.C. 
recovers from mechanical deformabiIity and assumes its 
characteristic equilibrium (discocyte) within fractions 
of a second, once the deforming force is eliminated. 
The ability of R.B.C. membrane to store energy during 
are chiefly gIycosphingo1ipid. 
The glycoproteins comprise approximately 10% 
of the human R.B.C. membrane protein. The sialo-
gIycoproteins contain most of the R.B.C. sialic acids. 
The glycoproteins consist of about 60% carbohydrates 
and 40% proteins. The carbohydrates include galactose, 
mannose, fucose, N-acetyIga1actosamine and sialic acid 
(Marchesi et. al., 1972). The carbohydrate portions of 
glycoprotein molecule are linked to the polypeptide 
portion by bonds between N-acety1gIucosamine and 
serine or threonine (alkali labile) or by bonds between 
asparagine or aspartic acid and N-acetyIg1ucosamine 
(alkali stable). Carboxyl groups of the sialic acid 
residue, which are associated with major R.B.C. 
membrane glycoproteins are responsible for most of the 
negative charge on the R.B.C. surface. The 
sla Iog1ycoproteins are also responsible for the 
antigenic determinant properties and provide binding 
sites for the virus and lectins (Marchesi et. al., 
1971). 
The R.B.C. membrane contains at least 20 
different polypeptide chains held together, and to 
membrane lipids by ionic, dipole and hydrophobic 
forces. Fairbanks et, al., (1971) identified and 
numbered the major polypeptides on the basis of their 
mobility in the poIyacry1 amide gel in the presence of 
SDS. The polypeptides corresponding to band 3, PAS-1, 
PAS-2, and other minor glycoproteins are transmembrane 
€ 
proteins embedded in the; lipid fai layer. The 
polypeptides corresponding to spectrin (bands 1 & 2) 
ankyrin (bands 2.1, 2.2, 2.3) 4.1, 4.2, 4.9, actin, 6 
and other trace polypeptides are confined to 
cytoplasmic surface and are extrinsic. Among 
extrinsics—: spectrin, band 4.1, 4.9 and actin 
constitute the membrane skeleton (Sheetz, 1979). The 
membrane polypeptide have been extensively studied and 
the work reviewed by several investigators (Bennet et. 
al . , 1985). 
(i) Lipids: Studies on R.B.C. lipid bilayer has 
been quite extensively reviewed (Stephen et. al., 1972; 
Op den kamp, 1979). The bilayer is in a liquid 
crystalline state and highly anisotropic. The 
composition is rather complex due to the occurrance of 
several variants both in the polar and nonpolar 
moieties of the molecule. The amount of total lipid in 
10 9 
10 cells is about 5mg. There are about 10 lipid 
molecules in the plasma membrsLne of a single R.B.C- The 
lipids are classified into polar and neutral lipids. 
The neutral lipids constitute about 30% of the total, 
and the most abundant of these, is the cholesterol. The 
polar lipids constitute about. 65-70% of the total- Of 
this 60% are phospholipids and 5-10% glycolipids 
(Cooper, 1969). The various phospholipids present in 
R.B.C. membrane belong to either of the three classes 
namely phosphatides, phosphoinositides and plasmalogens 
also called the ether lipids. The commonly occurring 
phospholipids in the plasma membrane are PE, PS, PI, 
PC and SM. 
Williams et. al., (1966) showed that the 
phospholipids comprising the inner leaflet are highly 
enriched in unsaturated fatty acids relative to the 
outerleaflet lipids. Because unsaturated fattyacyl 
chains are not as easily ordered as their saturated 
counterparts, it is predicted that the inner leaflet of 
the erythrocyte membrane is more fluid than the outer 
1 eaflet. 
(i i) Fattyacy1 compos i t i on of R.B.C. membrane; Myher 
et. a l . , (1989) gave the first detailed description of 
the molecular species of g1ycerophospho1ipid and SM 
from the human red blood cells. Nearly 200 molecular 
species were quantitated and identified with the help 
of GC-MS and h.p.I.e. Previously only a few of the 
phospholipid classes have been analyzed for molecular 
species, and most of the analyses were based solely on 
the fatty acid composition. 
The various molecular species belong to 
either of the 3 sub classes of g1ycerophosphoIipid 
namely diacyl, alkenylacyl and alkylacyl 
g1ycerophospho1ipid. The PC contains 9 3 % diacyl, 4.6% 
alkylacyl and 2.5% alkenylacyl, while PE are made up of 
4 8 . 8 % diacyl 4 7 . 8 % alkenylacyl and 3-4% alkylacyl 
subclasses. The major molecular species of the diacyl 
g1ycerophosphocho1ine compare favourably with selected 
earlier analyses carried out by Van Go 1de et. al., 
(1967); Marai et. al., (1969); Child et. al., (1985). 
There have been no previous analyses of the molecular 
species of the alkylacyl and alkenylacyl 
g1ycerophosphocho1ine and g1ycerophosphoethano1 amine, 
although the presence of both alkylacyl and alkenylacyl 
subclasses in R.B.C. g1ycerophosphoethano1 amine, have 
been recognized (Diagne et. al., 1984; Antoku et. al., 
1985. 
Analyses of the molecular species showed that 
the long chain polyunsaturated acid were mainly 
combined with ^iB ^" all g1ycerophosphocho1ine 
subclasses and in diacyl g1ycerophosphoethano1 amine, 
while in the alkylacyl and alkenylacyl g1ycerophospho-
ethanolamine and in diacyl g1ycerophosphoinosito 1 and 
diacyl g1ycerophosphoserine, they were combined mainly 
with CiQ saturated fatty chains. In addition to the Cj^ g 
and C^Q a Iky1 and a 1keny1 chains, the ether lipid 
fractions also contained significant proportions of 
^20' ^22 and C24 chains. The molecular species of 
ceramide moieties of SM were largely made up of mono 
and diunsaturated species. A detailed information about 
various molecular species of human erythrocytes as 
determined by GLC is given in table (1-3). 
The nature of fatty acid present in 
phospholipid molecule has a profound effect on the 
properties of cell. Retailoring the native PC with more 
z 
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la 
saturated or with more unsaturated species results in 
substantial modifications of membrane structure and 
function and leads ultimately to hemolysis of cells. 
(Op den kamp et. al., 1985). The fragility of R.B.C. 
and their susceptibility towards osmotic shock is also 
governed by the fatty acid composition (Op den kamp et. 
al., 1985). 
Lange et. al., (1980) and Kuypers et. al., 
(1984) showed that R.B.C. shape also depends upon the 
type of fatty acids present in phospholipid molecules. 
They showed that increase in disaturated PC species 
caused the cells to become echinocytic, while 
dilinoleoyl PC favoured stomatocytic shape. The changes 
in shape result from differences in the geometry of 
the individual PC molecules suggesting that replacement 
of one species by another may disturb the pre-existing 
packing of lipid molecules with in the membrane. 
Conformation of Phospholipids & Cholesterol : 
The phospholipids are amphipathic in nature 
and are hence arranged as bilayer structures in 
membrane, with the hydrophilic head groups oriented 
towards the surface and hydrophobic hydrocarbon chains 
towards the interior. A detailed knowledge of the three 
dimensional structure of phospholipid is a pre-
requisite to understanding their role in the membrane 
structure and function. Various techniques such as x-
ray, neutron diffraction and N.M.R. have contributed 
li 
significantly to the overall molecular arrangement of 
phospholipid structure. 
Sundara1ingam (1972) gave a detailed account 
of conformation, bond angles and length of various 
constituents present in phospholipid molecule using 
x-ray diffraction and predicted the probable 
conformation of phospholipids in bilayers. The side 
chains choline, ethanolamine and serine of phospholipid 
molecules prefer gauche conformation (SundaraIingam, 
1968). This orients the ammonium group and anionic 
oxygens of the phosphate on the same side relative to 
the rest of the molecule. This enables the 
electrostatic interaction between them to stabilize the 
gauche arrangement. 
The phosphodiester group that bridges the 
side chain moieties to the glycerol prefers the torsion 
angle in the anti—range about the C-0 bonds and 
positive gauche range about the P-0 bonds 
(SundaraIingam, 1969). 
The glycerol molecule can attain a number of 
conformations by rotation about the C-C bonds. The 
vicinal oxygen atoms may opt for one of the two 
conformations the gauche conformation or the anti 
conformation. However, the steric interactions between 
the head group and rest of the molecule, as well as the 
parallel arrangements of acy1 chains, favoured by 
interaction energy places stringent requirements OTI the 
allowed conformations. 
1^ 
According to Mathieson's (1965) observation 
the preferred conformations about the ester C-0 bonds 
are such that the torsion angle H-C-O-C is gauche, C-0-
C = 0 is close to ci s planar orientation end the C-O-C-C 
in the trans planar orientation. Thus the conformation 
of the acy1 chain prefers zigzag planar orientation. 
Sometimes acy1 chains with a nonplanar zigzag 
conformation are also found. The conformation about the 
C-C bonds of the rest of the hydrocarbon chain are 
antiplanar. They can also assume the gauche 
conformation. The presence of such conformations 
account for the thermal fluidity in the middle of the 
membrane (Sundara1ingam, 1972). 
Based on the above observations made on 
single crystal structure Sundara1ingam (1972) proposed 
a model for phospholipid molecule in which the acy1 
chains are tilted to about 30" from the normal to the 
membrane surface. In this orientation of the 
hydrocarbon chains the four acyI ester oxygen atoms of 
phospholipids are confined to narrow bands parallel to 
the membrane surface and the phosphate headgroup is 
located about 6A° from this band. 
Seelig et. al., (1976, 1977) studied the 
orientation and flexibility of PC and PE. They 
discovered that head group conformation of these two 
phospholipids is quite similar. The ethanolamine and 
choline dipole are oriented parallel to the surface of 
n 
the membrane at temperature below the phase transition 
and rotates flat on the bilayer surface around an axis 
perpendicular to it. Both the head groups have very 
limited flexibility. An understanding of the 
disposition of polar groups is important as it governs 
the electrostatic interaction. This in turn determines 
the physical and functional properties of membranes. 
Pearson et. al-, (1979) and Hauser (1980) 
observed that although conformationa11y the two 
molecules resemble a lot but a significant difference 
exists with respect to the interaction between polar 
+ 
groups. In PE the positivey charged amino (-NH3 ) group 
forms hydrogen bonds/salt bridges that are 2.8A long 
with unesterified phosphate oxygens of adjacent 
molecules, while the bulky -N(CH3)3 group in PC comes 
no closer to PO4 oxygen than 4.5A . 
Details about the PS conformation are not 
many and ambiguous. The head group serine is relatively 
immobile, largely due to head group interactions. In 
sphingolipid the head group has conformation similar to 
that found in PC. The amide chains exhibit the same 
conformational flexibility as does the acyI chain 
(Lee, 1983). 
All these conformational studies were carried 
out on single phospholipid crystals or bilayers using 
x-ray, neutron diffraction and N.M.R. techniques. All 
the available evidence suggests that the molecules have 
similar conformation in the natural membranes with 
14 
slight differences arising due to interactions with the 
proteins present in the membrane (Hauser et. al-, 
1980). The similarities in molecules regarding 
conformations has been suggested to facilitate the 
maintenance of lipid asymmetry across the membrane. 
The symmetrically distributed neutral lipid, 
cholesterol is so located in the bilayer, that the 
hydroxyl group lies in the immediate vicinity of 
phospholipid ester carbonyl. (Franks et. al., and 
Worcester et. al., 1976). The 0-hydroxyl group is 
present at aqueous interface and the rigid structure 
extends approximately to CJ^Q °^ the acy I chain (Storch, 
1985). The exact nature of interaction between 
cholesterol and phospholipid is not well estabiIished. 
Huang (1976) suggested that }3-hydroxyl group 
forms a hydrogen bond with carbonyl oxygen of the fatty 
acy1 chain. This hydroxyl group projects to the bilayer 
surface and the remaining structure remains burried 
within the hydrophobic matrix. 
Prestie et. al., (1982) showed that hydrogen 
bonding between 3-0-hyroxyl and carbonyl oxygen does 
not exist. Instead, the hydroxyl group forms a hydrogen 
bond with glycerol oxygen. They also suggested that « 
face of cholesterol packs tightly with lipid 
hydrocarbon chain which maximizes the Vander Waa I s 
forces. Formation of strong cholesterol and 
phospholipid complex have been predicted. However, 
u 
further investigations by (Bittman, 1981; Barthlow 
Geyer, 1982) showed that carbonyl oxygen of acyI ester 
linkage and free sterol OH group are involved in the 
i nteract i on. 
The cholesterol molecule is oriented 
perpendicular to the membrane surface or approximately 
parallel to the hydrocarbon chains of phospholipid. It 
shows a flip—flop movement. The rate of transmembrane 
movement is very high owing to smaller polar moiety. 
Roles of Lipids in Cell Functions : 
Cell membranes usually work best when the 
lipid bilayer is in liquid crystalline state. 
Dynamically the lipid bilayer is highly anisotropic 
i.e. much of the interior of bilayer is highly ordered, 
and only a small region in the middle is liquid-like. 
The lipid composition of cell membranes is complex and 
fairly tightly regulated metabo1ica1 Iy. The functions 
of lipids in cells are very many and varied, ranging 
from regulation of membrane protein function to cell 
morphology and phagocytosis etc. 
The bilayer imparts essential permeability 
control to the cell (Yeagle, 1989). Passive 
permeability through the bilayer is slow for most 
solutes. Therefore, the membrane transport functions, 
control the entry and exit of nutrients from cell. The 
loss of integrity of the lipid bilayer would make the 
cell freely permeable to all solutes and lead to cell 
16 
death. 
Cholesterol, the most abundant neutral lipid 
exerts a stabilizing effect on bilayer by virtue of its 
structure and arrangement in the bilayer. The flat side 
of the cholesterol lies against the saturated chain of 
phospholipid and the protruding methyl groups on the 
other side filling the gap created by the kink. The 
hydroxyl groups form hydrogen bonds with other polar 
groups towards the surface of lipids. Since cholesterol 
shows rapid transbilayer movement it could assist in 
shape changes that must be endured by the erythrocyte 
(Lange et. al., 1981). Besides this, it influences the 
permeability of membranes to ions (Yeagle, 1 9 8 8 ) . 
Lipids play an important role in cell 
membrane protein function. There are a number of 
membrane bound enzymes in the cell having extensive 
hydrophobic regions. These enzymes require lipid 
bilayer to maintain activity- An absolute requirement 
for a particular lipid to support the activity of 
membrane bound enzyme has been difficult to document. 
The (Na -K )-ATPase of plasma membrane 
requires cholesterol for its modulation. Kimelberg et. 
al., (1974) showed the inhibition of enzyme by 
cholesterol. Further investigations by Giraud et. al., 
(1981) and Yeagle et. al., (1983) showed the 
inhibition of (Na -K )-ATPase of human erythrocyte 
membrane by only high levels of cholesterol. This 
inhibition was attributed to the physical effects of 
T7 
cholesterol on membrane. 
The rigid sterol structure of cholesterol 
leads to an increase in the anisotropic motional 
ordering of the lipid bilayer of the membrane (Yeagle 
et. al., 1985). This general increase in ordering may 
also lead to an increase in the ordering of the 
+ + 
conformation of (Na -K )-ATPase. A reduction in the 
capability of the (Na -K )-ATPase to undergo 
conformational transitions would thereby inhibit its 
function, perhaps by inhibiting the Ej^  to E2 change, 
suggested to be integral to its catalytic activity. 
Low levels of cholesterol stimulates the 
activity of the enzyme. The stimulation was found to be 
structurally specific. Lanosterol was less capable of 
stimulation than cholesterol; ergosetrol had no effect. 
The sterol protein interaction was hypothesized to 
account for this. 
The acetylcholine esterase was also found to 
require cholesterol for its proper functioning (Craido 
et. al., 1982). 
Phospholipids also regulate the activity of 
some membrane proteins. Knowles et. al., (1975) used a 
reconstituted system containing soya PE and egg PC to 
show the effect of PE on calcium pump. Low to moderate 
levels of PE stimulate the calcium pump. The exact 
mechanism of activation is not clear. The possibility 
of specific interaction betweei. PE and calcium pump as 
n 
B means of regulation was challenged (Navarro et- al., 
1964). They showed that MGDG stimulated the calcium 
pump analogous to PE. 
The hexagonal phase structure of PE was 
investigated for its involvement in the regulation of 
calcium pump. It was discovered that PE in hexagonal 
phase effects the pump to the same extent as the PE in 
non—hexagona1 phase. This ruled out any correlation 
between regulation and phase structure (Yeagle, 1989). 
It is likely that bilayer surface itself 
controls the membrane protein function. The PE surface 
is poorly hydrated and tends to interact with other 
surfaces whether they are on other bilayers or 
proteins, rather than interact with aqueous phase 
(Yeagle et. al., 1986). This property of PE could 
account for its interaction with extra membraneous 
portion of calcium pump protein and hence for its 
regu1 at i on. 
It is of considerable importance to 
investigate the factors that contribute to the 
stability of membrane. The phospholipids comprising the 
membrane exist in different phase structures e.g. 
hexagonal and lamellar. Lipids that readily adapt non-
lamellar phases are detrimental to cell viability. The 
PE is known to prefer hexagonal phase because of lower 
values of intrinsic radius of curvature. The PC with 
its three methyl groups has a large intrinsic radius 
and therefore forms lamellar phase structure (Yeagle 
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et. a I. , 1989). Thus it can be concluded that stability 
is maintained by the existence of a balance between 
lamellar and non-lamellar phase forming lipid 
mo 1 ecu 1es. 
The stability is also regulated by the amount 
of diacyIg1ycero1 in the membrane. Diacy1g1ycero1 
dramatically reduces the temperature of the lamellar 
hexagonal phase transition. (Siegel et. al., 1989; 
Epand et. al., 1985). This reduction in temperature of 
the lamellar hexagonal phase boundary can be understood 
in terms of a reduction in intrinsic radius of 
curvature. 
Phospholipids, like PS found exclusively in 
the inner bilayer leaflet (Gordesky et. al., 1972; 
Zwaa1 et. al., 1977) play an important role in the 
phagocytosis of R.B.C. Tanaka et. al., (1983) showed 
that the insertion of an exagoneously supplied lipid 
analogue of PS (NBD-PS) into R.B.C. membranes 
stimulated their binding and removal by cultured 
syngenic macrophages. Abnormal exposure of outer 
leaflet PS in sickle R.B.C. (Lubin et. al., and Chiu 
et. al., 1981) has been shown to dirt^ctly correlate 
with the enhanced binding of these cells to monocytes. 
According to Schroit et. al., (1985) PS in the outer 
leaflet provides a signal that triggers their in—vivo 
recognition and concomitant elimination from the 
c i rcu1 at i on. 
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The exact mechanism is still not clear. 
Conceivably PS could induce R.B.C. clearance via a 
macrophage specific recognition system, either through 
direct interaction with PS or an indirect action via 
2 + protein-independent PS- Ca interactions, protein 
dependent autologous antilipid antibodies, or PS 
induced activation of the blood coagulation system. 
PI is the most interesting of the 
phospholipids. It provides a co-valent anchor for some 
important membrane proteins (Low, 1987). Recently 
Holgiun et. al., (1990) have shown that PI serves as an 
anchor for membrane inhibitor of reactive lysis. It is 
a 18 kd protein and controls complement mediated 
hemolysis by restricting the activity of membrane 
attack complex. 
Lipid Topology and Asymmetry : 
The topology of phospholipids has been 
studied mainly by chemical labelling, enzymatic 
« 
modification with phosphoIipases and through the use of 
exchange on transfer protiens. The approach was to 
compare the action of these tools on intact and open 
membranes. Not only are the proteins of mature 
erythrocyte membrane arranged asymmetrica11y across the 
lipid bilayer, but so are the lipid themselves 
(reviewed by Op den kamp, 1979; Etemadi, 1980; Van 
Deenen', 1981). 
The aminophospho1ipids PE and PS are 
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primarily found in the inner leaflet of bilayer. While 
the asymmetry is absolute for PS CVerkleij et- al., 
1973; Gordesky et. al., 1975), PE is also found in the 
outer leaflet. The choline phospholipids namely SM 
and PC are present in the outer leaflet. The PI is also 
localized in the inner leaflet of the bilayer (Op den 
kamp, 1979). 
The first evidence that the 
aminophosphoIipids are localized on the inner surface 
was obtained by using non-penetrating chemical 
reagents. Bretscher (1972) showed that a relatively 
impermeant agent, like formyl methionyl sulfone— 
methyI phosphate, does not react with phospholipids in 
intact eel Is but PE and PS are label led in open 
membranes. Gordesky and Marinetti (1973) confirmed that 
this reagent did not label PS in intact cells but react 
with a fraction of cell's PE. 
PhosphoIipases were found to degrade nearly 
50% of the phospholipids in intact human erythrocytes 
(Verkleij et. al., and Zwaa I et. a. 1 . , 1973). This 
fraction comprised of 80% SM, 75% PC and 20% PE. The PS 
was not detected. This confirmed that PS are 
concentrated at the cytoplasmic side of red cell 
membrane. Further contribution supporting the asymmetry 
was made by ZwaaI et. al.,(1975) and Kahlenberg et. 
al., (1974). They studied the action of phosphoIipases 
on the inside of resealed membranes and on sealed 
inside out vesicles. The distribution of choline and 
amino group containing phospholipids is quite similar 
for various mammalian species inspite of quantitative 
d i f ferences. 
Investigations into the source and 
maintenance of asymmetric lipid distribution has 
highlighted certain very interesting facts. It was 
thought that asymmetric distribution, in principle, 
could be the result of an asymmetric incorporation of 
phospholipids during membrane biosynthesis. This was 
maintained by a complete absence of transbilayer 
mobility. However, the findings of Van Meer et. al., 
(1980); Mohandas et. al., (1982), that time required 
for transbilayer movement of phospholipids in 
erythrocytes is considerably shorter than the life time 
of the cell, contradicted the above assumption. The 
comparable rates of r ed i s t r i b\j t i on of 1 y sophospho I i p i ds 
in the outer layer and lecithin (Mohandas et. al., 
1980; Haest et. al., 1980) further confirmed it. 
In view of the mobility of phospholipids 
between the two layers, the proteins especially the 
extrinsic ones were thought to exert a stabilizing 
effect on the maintenance of asymmetry. In other words 
PE and PS were assumed to be retained in inner layer by 
interactions with proteins. 
The role of intrinsic proteins was ruled out 
for a number of reasons: 
1) Band 3 was found to have no preferential binding of 
a certain phospholipid class (Schubert et. al., 
1980). 
2) Glycophorin immobilizes a minor fraction of inner 
layer phospholipids inspite of interacting 
preferentially with negatively charged 
phospholipids CRoelofsen et. al., 1973; Buckley et. 
al., 1978; Van Zoelen et. al., 1977; Prestegard et. 
al., 1982; Armitage et. al., 1977). 
The importance of extrinsic proteins for the 
maintenance of phospholipid asymmetry was indicated by 
the studies on the chemical modification of 
erythrocytes by oxidizing agents (Haest et. al., 1978) 
and by cross linking (Marinetti et. al-, 1978). 
Treatment of cells with bifunctional amino reagent 
d i f I uoroni t r obenzene resulted in a. decreased 
extractibi1ity of the major fraction of spectrin. This 
was attributed to the possible crosslinking between 
spectrin and phospholipids. 
An interaction of spectrin with PS and PE was 
further indicated by the loss of the asymmetric 
distribution of phospholipids in the membrane after the 
chemicat modification of spectrin or its removal. 
Haest et. al., (1978) showed that treatment 
of erythrocytes with SH-oxidizing agent results in loss 
of the phospholipid asymmetry. The cells were treated 
with oxidizing agents namely tetrathionate and diamide 
at different concentrations and for varying time 
intervals. The loss in asymmetry was measured as a 
t^ 
function of the acessibility of PE and PS to 
phospholipases. 
The results suggested that these agents 
caused the formation of disulfide bonds between the 
membrane protein SH groups. This perturbs the membrane 
protein structure and induces a reorientation of PE 
and PS from the inner to the outer layer. No 
translocation of SM from the outer to the inner lipid 
layer was reported. Treatment of cells with SH-
oxidizing agents for varying time intervals yielded the 
number of SH groups that have to be modified to effect 
reorientation. 
Lubin et. al., (1981) observed PE and PS in 
the outer leaflet of sickled cells. They concluded that 
membrane skeleton does play a role in the maintenance 
of asymmetry. Sickling also leads to the formation and 
subsequent release of spectrin—free membrane vesicles. 
(Allan et. al., 1982). This suggests a casual role of 
dissociation of spectrin—membrane interaction in the 
loss of phospholipid asymmetry. 
Williamson et. al., (1982) showed that 
spectrin is involved in the maintenance of phase—state 
asymmetry too, besides compositional phospholipid 
asymmetry. Tetrathionate treated cells were found to 
bind M540 while untreated cells did not. 
Schlegel et. al., (1980) reported that this 
dye has very little affinity for intact human 
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erythrocytes, and is essentially impermeant. It binds 
preferentially to fluid phase bilayers (Williamson et. 
al., 1981). This suggests that M540 perceives the outer 
leaflet of treated cells to be more fluid-like. 
Williams et. al., (1966) reported that lipids composing 
the inner leaflet are enriched in unsaturated fatty 
acids as compared to the outer leaflet. Hence the outer 
leaflet is more gel-like and inner fluid like. 
The dye binding studies show that 
polymerization of spectrin by oxidizing agents leads to 
the movement of PE and PS from the inner to the outer 
layer. This causes an increase in the fluidity of the 
outer leaflet and it becomes almost like the inner 
leaflet. All these findings confirm the importance of 
spectrin in maintaining phase state and compositional 
asymmetry. 
Direct electrostatic interactions between 
spectrin and phospholipids have been speculated upon, 
on the basis of findings of Members et. al., (1980). 
They showed the interaction of spectrin with ionic but 
not neutral phospholipids. The PE and PS may qualify as 
anionic phospholipids, since at physiological pH, the 
primary amino group is only partially protonated, and 
the molecule carries a partial net negative charge 
(Bangham et. al., 1974). 
The membrane bi1ayer—skeIeton interaction is 
not the major factor in determining the transbilayer 
phospholipid asymmetry in human erythrocyte membrane 
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(Gudi et. al., 19 9 0 ) . Spectrin is known to undergo 
irreversible structural changes by heating the 
erythrocyte ghosts (Brandts et. al., 1977; Lysko et. 
al., 1981) or the pure protein (Yoshino et. al., 1 9 8 7 ) . 
The heat treatment had no effect on the 
transbilayer phospholipid organisation in erythrocytes 
as was evident by the hydrolysis of only PC and PE in 
the intact heated red cells. Also the amounts of PE 
labelled by f1uorescamine in the heated red cells were 
similar to those observed in normal erythrocytes. The 
spectrin structure was altered by heating the cells. 
This is quite in agreement with similar earlier 
observations (Dresseler et. al., 1984). 
These findings led to the conclusiion that 
there exists some other mechanism besides s p e c t r i n -
lipid interaction for the asymmetric distribution of 
lipids in R.B-C. Recent investigations into the 
maintenance of asymmetry in R.B.C. have indicated that 
ATP-dependent aminophospho1ipid translocase specifi-
ca1ly transports PS and PE from the outer to the inner 
leaflet, thereby enabling the cell to adapt and 
maintain an appropriate equilibrium distribution of 
aminophospho1ipids across the bilayer membrane 
(Seigneuret et. al., 1984). 
This phenomenon has been shown by the 
specific transport of lyso PS (Dresseler et. al-, 1984) 
diacyl PS (Tilley et. al., 1986; Daleke et. al., 1985) 
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iodine labelled (Schroit et. al., 1987) and flourescent 
labelled (Conner and Schroit, 1987). 
Earlier Seigneuret and Devaux (1984) 
demonstrated that, of the spin labelled analogues of 
PS, PC and PE incorporated in erythrocytes, only the PC 
label remained mainly in the outer leaflet. The PE and 
PS labels underwent rapid transverse diffusion that led 
to their asymmetric distribution in favour of the inner 
leaflet. They further showed that this effect could 
reversibly be inhibited after ATP depletion of 
erythrocytes. 
The ATP-dependent translocase similar to that 
present in human R.B.C., has also been reported in a 
variety of mammalian species and nucleated cells 
(Conner and Schroit, 1989). Use of radiolabeled 1251PDA 
revealed the translocase to be a 32K Da polypepide. The 
molecular weight was found to be identical in all the 
speci es. 
All these studies suggest that asymmetry in 
R.B-C- is maintained primarily by the ATP-dependent 
aminophosphoIipid pump together with the membrane 
skeleton (Middelkoop et. al., 1989). Since putative 
phospholipid translocase is not much effected by 
heating the human erythrocytes at SO^C for 15 min 
(Calvez et. al., 1988) the observation that the 
membrane phospholipid asymmetry remains unaltered by 
heat treatment seems consistent with the above 
suggest i on. 
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Lipid Fluidity in Membrane : 
The term "membrane fluidity" is widely 
applied to phospholipid bilayers and natural membranes 
and combines in a single term the effects of lipid 
dynamics and acyI chain order. Dynamic processes 
include lateral and rotational diffusion of the whole 
molecule as well as rotation around single carbon-
carbon bonds. AcyI chain order or lipid packing refers 
to the average orientation of each carbon atom along 
the chain. AcyI chain order decreases and mobility 
increases with increasing bilayer depth, although 
remaining relatively constant from the C-1 to the C-9 
position (Seelig et. al., 1980) and (Mac Donald et. 
al., 1985). Acy1 chain order increases with cholesterol 
content above the phase transition temperature and 
decreases below this temperature. AcyI chain order 
increases with chain length and SM content but 
decreases with c i s unsaturation. 
In membranes, fluidity arises due to the 
presence of various types of lipid and protein 
molecules which contribute differently to the phase 
property of membranes under different physical 
conditions. The effect of phospholipids is because of 
the different head group structures and nature of fatty 
acyI chain and dynamics. These properties are in turn 
dependent on the temperature, pH and presence of ions. 
The state of the bilayer is determined by the 
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balance between the entropy associated with the 
rotameric disorder of the fattyacyl chains and the 
attractive Vander Waa1s forces between the chains and 
attractions between head groups. With the increase in 
temperature the disorder increases, which in turn leads 
to a decrease in packing density of the chains and 
Vander Waal interactions between the chains, thereby 
increasing the fluidity of membrane. 
Fluidity of membrane is inversely related to 
transition temperature (Tm). Tm is effected by the 
structure of the head group of phospholipid, length and 
degree of unsaturation of hydrocarbon chain, pH and 
ionic environment. 
In membranes, fluidity is maintained by the 
c i s unsaturation of the acy1 chain that creates a kink 
thereby preventing the molecules from packing tightly. 
This is further contributed by the rigid ring of 
cholesterol that interca1erates between the chains and 
protein molecules that induces disorder in the packing. 
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Object i ve of the Present Study 
Human R.B.C. membrane has been subjected to 
very detailed investigations with regards to 
composition and organization of various constituents. 
As in the case of membrane polypeptides, excellent 
information is available on the lipid constituents. 
Information on the nature and organisation of 
phospholipids of non—humanoid erythrocytes is however 
lacking. The Ruminant erythrocytes membrane appear to 
offer interesting alternative model systems, as they do 
not contain significant quantities of PC, that 
represents the major phospholipid class in the human 
erythrocyte membrane. In addition, several interesting 
variations in the physiology of these cells, including 
those related to calcium mediated effects, have also 
been reported. The present work was therefore 
undertaken with a view to investigate the nature of 
various PL classes in the erythrocyte membranes, their 
fatty acid composition and their organization within 
the membrane. Analysis of the human erythrocyte 
membrane has also been made for the purpose of 
corapar i son. 
E:XF*E:f^ I /•tE:MT^£. 
Mater ia1s 
The chemicals and solvents used in the 
present studies were obtained from various sources as 
shown below. Glass distilled water was used in all the 
experiments. 
So 1 vent 
Chloroform 
Methano 1 
Chemi ca1s : 
Si 1ica Gel H 
Lee i thin 
Phosphatidyiserine 
Phosphatidyl Ethanolamine 
Phosphatidyl inositol 
Ammonium Molybdate 
Sodium Bisulfite 
Sod i um Su1f i te 
l-Amino-2-hydroxyl 
Napthalin Sufonsaure-4 
Source 
Qualigens, India. 
Qualigens, India. 
Sigma Chem. Co., U.S.A. 
Sigma Chem. Co., U.S.A. 
Sigma Chem. Co., U.S.A. 
Sigma Chem. Co., U.S.A. 
Sigma Chem. Co., U.S.A. 
B.D.H., India. 
B.D.H., India. 
B.D.H., India. 
E. Merck Ltd., Germany. 
Blood : 
Outdated human blood was obtained from local Medical 
College. Fresh bovine and goat blood was collected in 
ACD solution at the slaughter house. 
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Methods 
Extraction : 
R.B.C. lipids were extracted by the method of 
Rose and Oklandar (1965). Whole blood was centrifuged 
at 2280 xg for 30 min. and the packed eel Is were washed 
3 times with 5 volumes of o.9% NaC1. The buffy coat was 
removed. The packed eel Is were transfered into a 
conical flask and distilled water was added in the 
ratio (1:1) (ce 1 1 : water). The contents were mixed 
thoroughly and allowed to stand for 15 min. Isopropanol 
was added in the ratio (1:11) (bIood:1sopropanoI). 
After 1 hr with occasional mixing chloroform was added 
in the ratio (1:7 v/v). The contents were filtered and 
filtrate was evaporated to dryness in vaccum at 40-50°C 
in a rotary flask evaporator. The dried residue was 
dissolved in chloroform methanol (2:1 v/v) mixture and 
filtered. The filtrate was layered with 1/5 of its 
volume of o.9% saline in a separating funnel, gently 
mixed and allowed to stand at room temperature. till 
the two phases separated. The lower chloroform layer 
was collected and evaporated to dryness in vaccum and 
the dried residue was dissolved in a known volume of 
cho1 orof orm. 
Thin Layer Chromatography of Phospholipids : 
The procedure of phospholipid separation and 
elution used was essentially that of Jain et. al.. 
^0 
(1988) and Chandra et. al., (1987). 
Preparation of Thin Layer Plates : 
Glass plates (20 x 20 cm) were washed, 
thoroughly rinsed with distilled water and dried before 
use. The plates were placed end to end on a plastic 
support and Silica Gel slurry of 0.8 mm thickness was 
spread with Desaga applicator. The plates were air 
dried till they became hard and activated at 110-120°C 
for 90 min prior to use. 
Application of Sample : 
Chloroform extract of the lipids were applied 
in the form of a streak (actually a series of over 
lapping spots) on the activated Silica gel plates. 
Development of the Chromatogram : 
The development of the chromatogram was 
performed in glass tanks (250 x 250 x 120 cm) lined 
with filter paper on three sides. The tanks were first 
saturated with the developing solvent (chloroform 
methanol : Glacial acetic acid : water, 50:25:8:4). 
Then plates were developed in ascending 
position and the development was complete in 2-3 hrs. 
The whole process was carried out at 4°C. 
Detection of Phospholipids : 
The plates were dried at room temperature for 
about 15 min and the lipids were detected using iodine 
vapour (Sims and Larose, 1962). The streaks were 
d:i 
encircled with a fine needle and iodine was allowed to 
fade out before the removal of the spots. 
Removal of Spots : 
After removing extra silica gel under the 
margin and above the solvent front using a razor blade, 
the silica gel from each streak was transfered 
completely and quantitatively to centrifuge tubes. To 
ensure complete transfer, the remaining periphery of 
the streak was scrapped off- The plates were placed 
vertically and tapped gently to allow the scrappings to 
fal1 on a glaze paper and the powder was combined with 
previously scrapped material of the same spot. This 
procedure minimized the loss of phospholipid material. 
Comparable areas where there were no lipid spots were 
removed and served as controlled samples. 
Elution of Phospholipids : 
The individual phospholipids were eluted with 
IN methanolic HCI and chloroform methanol (1:1) 
(Chandra et. al., 1987) 5 ml of each eluting solvent 
was added to centrifuge tube and throughly mixed by 
vortexing. The tubes were placed in a water bath 
maintained at 50-60°C for 30 min and then were 
centrifuged at 3000 rpm for 15 min. The supernatant was 
collected in a boiling tube and evaporated to dryness. 
In all, the Silica Gel in each test tube was given 3 
washes of IN methanolic HCI followed by 3 washes of 
chloroform methanol (1:1) to ensure complete recovery 
of phospholipids. 
Determination of Phospholipid Phosphorous : 
The procedure used was that of Bartlett, 
(1959) as modified by Marinetti, (1962). The dry 
residue of lipids was digested with 1 ml of 70% HCLO4 
for about 30 min on an electric digesting unit. After 
cooling, 7 ml of distilled water was added to each tube 
followed by 1.5 ml of 2.5% (w/v) ammonium molybdate and 
0.2 ml of 0.25% ANSA reagents (prepared by dissolving; 
in 100 ml of 15% sodium bisulfite, 0.5 gm of sodium 
sulfite and 0.25 g ANSA). The tubes were placed in 
boiling water bath for 7 min. After 20 min the color 
was re^d at 630 nm in a Bausc-h and Lamb Spectronic 20 
Spectrophotometer. 
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Result and Discussion 
Extraction of Lipids : 
The most widely used method of lipid 
extraction is that of Folch et. al., 1957), employing 
chloroform and methanol (2:1 v/v). Extracts obtained 
by this method were contaminated by brown pigment that 
is difficult to remove. Ways and Hanahan, (1964) 
reported poor extraction of phospholipid and 
contamination of extracts with water soluble 
substances. Reeds et. al., (1960) proposed an 
alternative method utilizing methanol - chloroform 
(1:1). But this method has several disadvantages. The 
procedure requires four initial extractions and three 
further extractions of the residue in addition, the 
initial extract is contaminated by heme pigment and 
denatured proteins which are apparently removed by 
dissolving in dried and redistilled anhydrous 
chloroform. These pigments may stimulate in vitro 
oxidation of lipids. Heme pigments are extracted by all 
solvents containing methanol. In the present studies 
the lipids have been extracted using isopropanol 
instead of methanol. It extracts little pigment and 
gives essentially quantitative extraction of 
phosphoIi pi d. 
Separation of phospholipid Classes : 
Several solvent systems were employed for 
separating the phospholipid classes. With the system 
n 
(65:25:4 ch I or of orm-metha.no 1-water ) on silica Gel G the 
separation was not very efficient. The PS and PI were 
not completely resolved because silica Gel G contains 
Ca binder that hinders the separation. Secondly, there 
was streaking. Thus another solvent system containing 
acetic acid as described by Skipsi et. al., (1964) was 
used. Although acetic acid prevents the diffusion of 
bands, the separation of PS and PI was poor. The best 
separation was obtained by the solvent system used by 
Jain et. al., (1988) that contained chloroform, 
methanol, glacial acetic acid and water in the ratio of 
50:25:8:4 on Silica Gel H. The PS and PI migrated as 
compact separate bands. Pure phospholipids and buffalo 
liver extract were used as standards to identify the 
bands in the sample. As shown in Figure-1 human 
erythrocyte phospholipids were separated into 5 bands 
of SM, PC, PS, PI and PE, while that of goat and 
buffalo was resolved into SM, PS, PI and PE-rCrif"We'^'-fefe'-^v^tei3»s^  
found to be absent. y^ '• ^^y .„,, I 
Quantitation of phospholipid classes : si'^  ~ •''^'-'' 
The amount of individual phospho 1 ipia"*cTSLSses 
were determined by estimating the phosphorous content. 
The values of phospholipid classes are reported as a 
percent of the total phospholipid. The table 4-6 shows 
the phospholipid composition of goat, buffalo and human 
erythrocyte. The amount of SM in goat and buffalo is 
43-50% of the total phospholipid as compared to 25-27% 
1^ 
Figure-1 
TLC of phospho1ipids of human goat and 
buffa 1o erythrocytes 
The phospholipids were extracted by 
the method of Rose and Oklender (1965). TLC 
was performed on Silica Gel H to achieve the 
separation of various constituents. Buffalo 
liver, lipid extract was used as standard. 
(A) Human R.B.C. phospholipids. 
(B) Goat R.B.C. phospholipids. 
(C) Buffalo R.B.C. phospholipids. 
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Table-4 
Phospholipid composition of Human erythrocyte 
Phosphulipid )ig P04tt/ml R.B.C, Total Phospholipid 
PE 
PS 
PI 
PC 
SM 
7. 2 
3. 75 
O.7237 
7. 27 
6. 44 
30 
18 
3. O 
36 
32 
All the above values were calculated and expressed as 
mean SD of three independent observation. 
^Individual PL class is expressed as % of total 
phospholipids. 
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Table-5 
Phospholipid Composition of Goat Erythrocyte 
Phospholipid }ig P 0 4 t f / m i R . B . C - Total phospholipid 
PE 
PI 
PS 
SM 
PC 
3. 83 
1. 14 
2. 56 
6.55 
0 00 
26 
7 
17 
46 
0 
All the above values were calculated and expressed as 
mean SD of three independent observation. 
* Individua 1 PL 
phosphoIipids. 
class is expressed as % of total 
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Table-6 
Phospholipid Composition of Buffalo Erythrocyte 
Phospholipid i^g P04'Vml R.B.C. Total Phospholipid 
PE 
PI 
PS 
SM 
PC 
3.06 
1. 18 
2. 16 
4. 93 
o - o o 
28 
11 
20 
46 
0 
All the above values were calculated and expressed as 
mean SD of three independent observation. 
^Individual PL class is expressed as % of total 
phospholIpids. 
in those from the humans. They show a striking absence 
of PC which is otherwise present to the extent of 26-
3 0 % of the total phospholipids in normal human 
erythrocytes. The content of PS and PE are almost 
similar in goat, buffalo and human erythrocytes. In 
Figure-2 the bar diagram represents the phospholipid 
composition in goat, human and buffalo R.B.C. Our 
results confirm the earlier findings of Farooqui et-
al., (1987) who also showed the absence of PC in 
ruminant erythrocytes. 
Nelson et. al., (1967) showed that 
phospholipids, common to all species were PA, PE, PS, 
PI and SM. There were however marked species variations 
in the relative abundance of these erythrocyte 
phospholipids. 
Nelson (1967) showed, from his studies on 
sheep erythrocyte, that lipid distribution does not 
vary significantly among the members of the same 
species. Hence analyzing the erythrocyte lipids from a 
single animal, randomly selected in each species, 
should yield a representative analysis of the 
erythrocyte phospholipid for that specie. The SM is 
quite low in certain species such as guinea pig and dog 
but is never zero as is the lecithin of the true 
rum i nant. 
Turner (1957, 1958) showed that no lecithin 
existed in ruminants, but later investigators usually 
Fi gure-2 
Diagramat ic representation of phospholipid 
compos i t i on of human, goat and buf fa Io 
err.y throe.ytes 
The values of phospholipids given in tables 
4-6 are represented in the form of bars. 
- Human R.B.C. phospholipids 
- Goat R.B.C. phospholipids 
^ - -
ffalo R.B.C. phospholipis 
• '• . ••1 
• \ 4 
,. ...-„.;..._H 
'! a,. 
• ^ 
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found small but measurable amounts (Hanahan et. al., 
I960; De Gier et. al., 1961, 19 6 4 ) . Our result is in 
agreement with Turner's original finding that no 
detectable lecithin occurs in goat and buffalo 
erythrocytes. The past confusion was attributed to the 
failure in removeing all of the serum lipids from 
packed cell preparation. In all these species the serum 
contains lecithin which is in fact the major 
phospholipid of the soluble lipoprotein. 
Another source of error that might have 
influenced the results of the previous investigators 
is the autoxidation of PE to an unidentified compound. 
The conversion occurs rapidly in the presence of oxygen 
and may be catalyzed by heme pigments in extracts. This 
substance can be confused with lecithin in one 
dimensional thin layer chromatography. 
Attempts have been made to correlate known 
physiological differences between the erythrocytes of 
various species with the lipid composition. Van Deenen 
C1962) tried to correlate permeability of the 
erythrocyte with its lipid composition and suggested 
that increased permeability was related to increasing 
lecithin content. De Gier et. al., (1966), 
distinguished several animal species by the rates at 
which their erythrocyte hemolyzed in 0.3M glycerol but 
these authors concluded that no significant correlation 
could be drawn along these lines, although there was a 
trend suggesting that erythrocytes containing large 
45 
amounts of lecithin were often more permeable than 
those containing only small amounts. 
Turner and co-workers (1957, 1958) suggested 
that lysis by snake venom is related to phospholipid 
composition of the erythrocyte, particularly the 
lecithin content. However Condrea et. al., (1964) noted 
that some ruminant erythrocyte high in lecithin was 
also resistant- These authors concluded that Venom 
induced lysis is related primarily to the proteins of 
the erythrocyte membrane, not to the lipids. 
Farooqui et. al., (1987) tried to correlate 
the phospholipid composition of erythrocytes to the 
resistance to fusion by goat and bovine erythrocyte. 
The resistance to fusion could not be attributed to 
differences in protein composition since SDS-gel 
profiles of erythrocyte membranes of bovine and goat 
were similar to humans. The absence of PC in these 
ruminant species could account for this. 
The incorporation of PC in bovine 
erythrocytes led to the fusion of cells in the presence 
of phosphate and calcium. However goat erythrocyte 
membranes failed to incorporate PC and did not show 
fusion. Incorporation of PS was also seen to promote 
fusion in bovine R.B.C. (Farooqui et. al., 1 9 8 7 ) . On 
the contrary Kleinig et. al., (1971) showed that the 
chicken erythrocytes which lack PS also undergo fusion 
with the same efficiency as the human erythrocytes. 
4^ 
Thus, how far the lipid composition governs 
such important cellular phenomena as fusion is not 
fully understood. 
Besides TLC there are other techniques 
available for separating phospholipid classes. These 
include column chromatography and h.p.I.e. In column 
chromatography lipid classes are separated by gradient 
elution from silica columns. The separation is fairly 
good. The application of h.p.I.e. for phospholipid 
class separation is at present rather limited. FID and 
mass detectors are used for the quantitation and 
detection of phospholipid. The application of h.p.I.e. 
to polar lipids is hampered by the fact that often, not 
an individual substance analysis, but a. lipid class 
analysis is required. In theory, it is best to have 
only one peak for each lipid class, and this may be 
possible on silica columns. In the case of h.p.I.e. 
there is the problem of detectors, and quantitation. 
Light scattering dectors may be a solution. SW-uv 
detection is often used, but is problematic because of 
the big differences in absorbance between saturated and 
unsaturated molecules. 
For phospholipid separation reverse phase 
columns are generally used. Phospholipids are converted 
to diglycerides, they are then derivatised to uv 
absorbing compounds. Some attempts were also made using 
post column chemical reaction detectors, e.g. using a 
colorimetric glycerol or phosphorous determination for 
•^n 
phospholipid. Jungalwala et. al., (1984) have used LC-
MS to investigate phospholipid mixtures with a 
commercially available transport interface and with 
chemical ionisation. The h.p.I.e. fast atom bombardment 
(FAB)-!iS is being developed for separation of 
phospholipid classes. But T.L.C. continues to remain 
the most simple, effective and efficient technique for 
the separation of phospholipids. 
The nature of fattyacyl group present in 
phospholipid can be determined by G.L.C. and h.p.I.e. 
both. In G.L.C. the fatty acids are converted into 
methyl esters and are then separated according to their 
chain length and unsaturat ion. In h.p. I.e. they are 
derivatized to uv absorbing compounds. A number of uv 
active compounds are used. Some workers have converted 
fatty acids to their napthacyl derivatives, 2,4,dinitro 
pheny1hydrozone derivatives etc. Analysis of fattyacyl 
composition of human and ruminant erythrocyte by 
h.p.I.e. in our lab is in preliminary stages. Phenaey1 
derivatives of coconut and groundnut oil fatty acids 
are used as standards. Figure-3 and tables 7 & 8 give 
an account of fatty acids present in coconut and 
groundnut oil. 
4u 
Fi gure—3 
Chromatogram of phenacyI esters of (A) 
coconut o i1 (B) groundnut oi1 fatty acids. 
Phenacyl esters were prepared 
essentially by the method of Banks (1983). To 
lOOjag of fatty acid, were added 25^1 of an 
«—bromoacetophenone solution (10 mg/ml 
acetone) and 25\il of a t r imethy 1 anine 
solution (10 mg/ml in acetone). The mixture 
was heated for 15 min in a boiling water 
bath. Then 35^l of an acetic acid solution (2 
mg/ml in acetone) were added and heated for 
an additional 5 min. The contents were then 
evaporated to dryness with dry purified 
nitrogen while being heated at 40°C. A lOOjil 
volume of acetonitrile was added to the tube 
and 5—10^1 aliquot of the derivatives was 
analysed. Analysis was made on ^IB 
microbondapack column at a solvent flow 
rate of 1 ml/min. The column was run 
isocratical1y with acetonitriIe:water (80:20) 
for 20 min then programmed to 90:10 in 15 
min. 
A 
B 
-"^M-
7. 
r 
"iett-
U.W 
, i--
16 
IB 
4S 
TabIe-7 
Fattyacyl composition of Coconut oil 
h.p.l.c. FA RT % FA Reported values 
peak by G.L.C. 
12. 2% 
8.0% 
48. 8% 
14- 8% 
1. 4% 
11.4% 
RT— Retention time 
* Individual fatty acid class is expressed as % of 
total fatty acids. 
1 
2 
3 
4 
5 
6 
8:0 
10:0 
12:0 
14:0 
18:2 
16:0/18:1 
5.2975 
6.922 
9.8545 
15.195 
17.480 
25.262 
12. 49 
6. 45 
48. 88 
18. 15 
2.56 
11. 31 
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Table-8 
Fattyacyl composition of Groundnut oil 
h.p.I.e. 
peak 
1 
2 
3 
4 
5 
6 
7 
FA 
18:3 
18:2 
16:0 
18: 1 
18:0 
RT 
8. 767 
13.997 
15.040 
16.130 
22.250 
24.397 
34.254 
% FA* 
2. 1 
0.59 
2.51 
21.80 
10.95 
61. 44 
0. 56 
R epor ted va1ues 
by G.L.C. 
0. 3% 
22. 0% 
12. 5% 
61.0% 
2. 5% 
RT— Retention time 
* Individual fatty acid class is expressed as 
total fatty acids. 
% o f 
5i 
Summary 
In view of the reported differences in the 
lipid composition of erythrocyte membrane derived from 
humans and various other mammals, a detailed 
investigation of the phospholipid classes of goat and 
buffalo erythrocyte membrane were carried out. 
The phospholipid composition of human, goat 
and buffalo erythrocyte were determined by TLC on 
Silica Gel H. It gave a very clear separation and 
resolution of all the major phospholipids. The content 
of PS and PE was found to be almost similar in goat, 
human and buffalo R.B.C. membrane, while PC was present 
in human R.B.C. only. The ruminant erythrocytes 
membrane is rich in sphingomyelin and contains about 
twice the amount of sphingomyelin present in human 
R • B . C . 
Fatty acid analysis is being standardized 
using h.p.I.e. as an alternative to G.L.C. Phenacyl 
derivatives of coconut and groundnut oil fatty acids 
are being used as standard. Data obtained so far shows 
that Bondapack column can be very useful in their 
separat i on. 
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